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Introduction
Traditionally, peer mentoring is a collaborative mentoring relationship between similarly situated individuals working towards similar goals. Peer mentoring groups are collaborative, reciprocal groups in which all participants are expected to share information and experiences, and contribute to brainstorming and problem-solving. As with traditional hierarchical mentoring, peer mentoring includes both instrumental support and psychosocial support. While usually discussed as an activity among individuals, we contend that this type of mentoring can also occur as an interaction between groups of non-co-located people engaging in similar endeavors. We call this mentoring institutional mentoring-a type of group peer mentoring that is informed by sociocultural models of learning, organizational knowledge transfer, and peer mentoring. This paper presents the RED teams as an example of how institutional mentoring can occur. The National Science Foundation's Revolutionizing Engineering Departments (RED) program is unlike any other national initiative focused on undergraduate STEM education. In addition to providing schools with resources to incite "revolutionary" change within engineering or computer science departments, RED teams are expected to serve as national models for addressing systemic issues and instigating sustainable change in engineering and computer science education. The RED program's portfolio currently includes two cohorts composing thirteen geographically-dispersed teams using unique change strategies to address local challenges shaped by institution-specific factors. 1 
Figure 1. Geographic Distribution of RED Teams in 2015 & 2016 Cohorts
The RED Consortium's programmatic activities occur throughout the year, and are designed to foster community within and across the cohorts of RED teams. Included in the program are annual PI meetings and monthly multi-team meetings in which the teams discuss the change strategies they are using to address local challenges. During these meetings, the teams discuss barriers they are facing and brainstorm potential solutions. While the differences between teams and the schools in which they are embedded are palpable, there are parallels in the teams' experiences across sites that illuminate valuable lessons that can be shared across teams and with other schools and departments that do not have RED grants.
By sharing information and experiences across organizational boundaries, RED teams serve as institutional peer mentors to each other. We define institutional mentoring as a type of peer mentoring among groups in which knowledge exchange is highly reciprocal, and institutional contexts and local challenges are explicitly discussed and taken into consideration when strategizing and problem solving. Using data collected from the annual and monthly meetings as well as focus groups with the first cohort (2015) of six RED teams we synthesized themes around transferrable advice between RED teams and to the broader community. While the advice was presented in a way that any prospective RED team may benefit, institutional factors are important to consider when operationalizing the advice in a particular context.
Background
The conceptual framework of this paper draws from three sets of literature: educational environment models of learning, organizational knowledge transfer, and peer mentoring. In the following sections, we briefly outline each paradigm and then use these theoretical underpinnings to define the construct of institutional mentoring.
Educational Environments
Learning is the product of interactions between individuals and their educational environments. College impact models focus on the multifaceted relationships between student background, educational environment, and student outcomes. In higher education, educational environments include not only the classroom setting, but also institutional and cultural factors such as size and selectivity of institution, type of institution (research university, teaching college, etc.), the locus of control (i.e. private or publically funded), demographics of the institution, policies, cocurricular programs, and culture of the university at large 1 . These factors are linked to student outcomes such as learning and persistence. Lattuca and Litzinger 1 note that these characteristics can be quite complex in higher education settings as departments and other sub-units are embedded within larger institutional contexts. Following Holland's theory of career environments, they assert that "academic environments are socializing mechanisms, reinforcing and rewarding different patterns of abilities, interest, and values, while simultaneously discouraging others" (p. 480). As educational environments are pivotal for student outcomes, education practitioners, including curriculum designers, need to consider these factors when designing programs for students. Additionally, researchers should reflect on these factors when evaluating the effect of programs or institutions on student outcomes. 
Organizational Knowledge Transfer

Peer Mentoring
In contrast to traditional, hierarchical-dyadic models of mentoring, peer mentoring groups are small collections of individuals who meet regularly to provide feedback on work, share experiences and information, problem solve, and lend support to one another. Peer-mentoring groups are based on the premise that all participants have something to give and something to gain from the group 4, 5 , and norms of reciprocity dictate that all members of a peer mentoring group should give and receive benefits. Peer mentoring includes two functions: instrumental support, including codified knowledge and advice, and psychosocial support, including role modeling, friendship, and counseling. Peer mentoring often includes sharing experiences and information from different sources, a place to work through intellectual and personal matters, a safe space to try out ideas and gain feedback, goal setting and project tracking, and reduced feelings of isolation due to positive identification with a group. Peer mentoring emphasizes the collaborative and reciprocal nature of collections of similarly situated individuals working towards similar goals. The focus is not on teaching one another, but rather on sharing experiences that emphasize learning and support.
Peer mentoring groups are common among academic faculty members and researchers working towards tenure 4, [6] [7] [8] [9] [10] . Peer mentoring in the academic setting has been shown to increase the completion of projects, promotion in academic rank, and continued enthusiasm for their career 7 .
Peer mentoring is also common in other organizational settings and has been shown to have positive effects on compensation and promotion 12 . In particular, research shows that peer mentoring during the early years of career development is beneficial for developing competency and professional identity 5 .
Conceptual Model: Institutional Mentoring
The proposed conceptual model of this study combines aspects of environmental models of learning, organizational knowledge transfer, and peer mentoring to suggest the paradigm of institutional mentoring within academia. From the literatures on environmental models of learning and organizational knowledge transfer, we focus on the contextual factors that shape the way that knowledge can be shared across organizational boundaries through institutional mentoring. We define institutional mentoring as a type of peer mentoring between teams at different institutions working towards similar goals in which knowledge exchange is highly reciprocal, and institutional contexts and local challenges are explicitly considered when problem-solving. Institutional mentoring emphasizes both individualized solutions to local constraints and resources, as well as generalized "lessons" that apply across all contexts.
Additionally, we contend that institutional mentoring provides psychosocial support between non-co-located groups facing similar challenges. In addition to sharing discrete sets of knowledge, groups participating in institutional mentoring also provide psychosocial support to each other. Institutional mentoring can help groups and group members develop a sense of belonging to a larger collective movement working towards difficult institutional changes, often in the face of resistance. Figure 2 provides a depiction of institutional mentoring. While some parts of the image may be self-explanatory, some characteristics might need an explanation. In short, the figure shows how institutional can occur among multiple groups at different institutions simultaneously. Movement toward a similar target is what unites the groups. While there may be some overlap, each institution has a unique context (e.g., policies, practices, cultural norms) that distinguish them from one another. Information can flow in all directions. Given these differences, some insights shared across groups may easily permeate an institutional and can be readily adapted; while in many other cases, some work is required to adapt the insights from other mentor groups to a new context.
A particular challenge in institutional mentoring is the lack of a common vocabulary for the mentor groups in describing their institutional context. Higher education institutional classification systems exist, but they typically compare easy-to-measure surface features such as enrollment, faculty size, research volume, and so forth. The Carnegie Classification 14 is an example of one such system. There have been other efforts involving system dynamics models 15, 16 for higher education, but these models suffer from a typical problem: the role of unmodeled dynamics in dictating the system response. In higher education institutions, these unmodeled dynamics encompass relationships, collaborations, personalities, history, and decision-making practices (i.e., institutional politics), all of which are driven by human interaction and vary greatly from institution to institution. There are specific areas of higher education, such as student affairs organizations, which have developed a taxonomy based upon collaborations and relationships. The Models of Student Affairs Practice Inventory 17 has defined a controlled vocabulary that can be used to describe a particular institutional context for student affairs work. While valuable for describing student affairs organizations, this taxonomy is not generalizable to the broader workings of the institution; but it did inform our thinking about issues of context we should consider.
Research Questions
This conceptual framework for institutional mentoring inspires a number of questions about how such a mentoring relationship could be operationalized. These questions relate to the kinds of information that are valuable to share, the mechanisms by which they are shared, and the applications of that information within a different context. As such, we ask the following questions:
(1) What advice is transferrable from one RED team to another, and to the broader engineering education community, on how do we enact a sustainable revolution?
(2) What advice is context-dependent and what is the relevance of the advice for adaptation by other schools?
Methods
Before we describe our methodological approach, it is important for us to be clear about the positionality of the authors. London and Berger are members of two separate RED teams, and Margherio, Litzler, and Branstad are part of REDPAR (RED Participatory Action Research), an NSF-funded project to study the process of change within the RED schools. We utilized an insider methodological approach, in part because of London and Berger's affiliations. Insider research is typically conducted by researchers who are currently members of the group they wish to study 18 . This approach afforded us an in-depth view into how group context facilitates (or hinders) the team's success-each of the insiders has significant access to the group processes involved in the grants. Further, insider positionality lends itself to studying the process, rather than the outcome, of practice 19 .
For this paper, we focused only on the six universities in the first cohort of NSF RED grant recipients. Data sources included audio recordings of virtual focus groups with five of the six first cohort RED teams (one team declined to participate) conducted in the winter of 2017, and observation notes from the 2016 RED PI meeting. The focus group transcripts were the only data that was collected expressly for this paper. In the results section below, we do not connect quotes with particular teams, in order to maintain confidentiality.
Both data sets were analyzed using thematic analysis. Analysis began with the detailed notes taken during the RED PI meetings and webinars, which were qualitatively coded for emergent themes. After an initial reading of the documents, a list of major themes was generated. Codes were refined using an iterative process. Particular attention was paid to issues that cut across institutions and instances in which participants were able to generalize their experiences to share with other participants in the meetings.
We asked each RED team to have at least three members on the virtual focus group, ideally the PI or co-PI, the engineering education specialist and the social scientist. The focus groups were approximately 30-minutes long and were recorded and transcribed for analysis. Focus group sessions used a common set of six questions broken into two areas: 1) general lessons learned and promising practices that could be adopted by others seeking to make change, and 2) reflection on the context-specific factors at their institution that promote or inhibit change. After conducting the first two focus groups, we assessed and refined the focus group protocol. The "insider" research team members did not conduct the focus groups with their own teams. The five focus group transcripts were coded by London and Berger (the insiders). Each coder identified emergent themes via open coding, resulting in dozens of individual codes. The coders then collaborated to coalesce the initial code set into a reduced and more meaningful set of codes.
Results
Four broad categories of knowledge were shared across institutional boundaries during annual and monthly meetings, and reiterated during the focus groups. RED teams described strategies for building successful alliances and partnerships, establishing the RED team and organizing workload, project management in the face of changing contexts, and working within organizational and academic constraints. In the following section, these themes are discussed using both the meeting notes and the transcripts from the focus groups.
Annual PI meetings and monthly calls During the monthly teleconferences and annual PI meeting, teams shared advice that was transferable across organizational barriers. Throughout the meetings and calls, participants stressed the importance of fostering a sense of commitment and engagement at multiple levels of organizational leadership, as well as getting and staying organized to manage large, complex and evolving projects. Table 1 outlines the key themes that appeared in the meeting notes, and a brief discussion of several key themes with relevant quotes is given next. description: Defining the changes each program seeks to create, working to establish buyin across organizational barriers, and dealing with the "risks" of big, systematic change advice:
• Establish early buy-in at all levels of leadership hierarchy--from faculty members to school administrators--to facilitate continued engagement.
Establishing the RED Team and Initial organization
description: Establishing a team with a diverse set of skills advice:
• Bring a social scientist onto the team as early as possible • Create sub-teams, assign tasks, and define roles that play to team members' strengths.
Project Management and Maintaining Flexibility
description: Defining a workflow and establishing deadlines for accountability, while also maintaining flexibility to deal with internal and external changes. advice:
• Do not underestimate the time different elements of the project, like assessment, will take.
• Have a plan and start early.
• Respond with flexibility to external changes that cannot be foreseen; use the proposal as a guide rather than a prescription.
Working within Organizational and Academic Constraints
description: Working within the context of academic tenure and constraints within organizations advice:
• Work with faculty members at different levels to create a sense of understanding and foster joint participation as incentives and barriers may differ for junior and senior level faculty members.
The meeting notes emphasized the importance of fostering commitment and engagement while maintaining flexibility to deal with internal and external changes. In particular, members of the RED teams discussed both the importance of ownership and strategies for getting faculty members at different stages of their careers involved in the project. For example, one team member noted, "We started with the department retreat to get buy-in and we got them to contribute to the ideas so there was a sense of ownership." Another individual spoke to appeals focused on career stage, advising, "At lunch, talk with your junior faculty about how they can plug into the grant. We can help move it along. Give them a short RED spiel they can put into their proposal." During the monthly RED conference calls, individuals stressed the importance of not only building buy-in by appealing to the concerns of faculty members, but also of being upfront with information about the project and clearly communicating to all those involved. For example, one team member noted that, "you've got to make the information digestible and not secret."
In addition to establishing commitment and buy-in, teams discussed the need to be flexible in response to changing circumstances, like faculty turnover and/or turnover at the institutional level. One team member eloquently summed up this sentiment by stating:
You might be tempted to think of the proposal like a prescription, but it is better to think of it as a vessel that has to deal with swells, strong winds etc. and therefore the work is an emergent process undertaken by a community and can't follow a strict prescription.
In addition to comprehensive advice around defining problems and establishing buy-in, RED teams readily shared guidance regarding the importance of building the "right" team, defining roles and tasks, and creating internal markers to guide the flow of work. Teams were quick to acknowledge the importance of having people with diverse expertise and the importance of subteams in organizing the change process, because, as one individual at the PI meeting stated, "subteams make progress." This individual elaborated that sub-team organization increased efficiency because "people [pick] sub teams they wanted to be on, with less frequent team meetings."
RED team members also noted the importance of establishing meeting routines and deadlines to ensure consistent progress. At the PI meeting one team member suggested to "build things into the year so that you are accountable for things externally, which helps you keep making progress." During the monthly meetings it was noted that the core team meeting frequency may change throughout the project, as teams may need to meet more often at the beginning to design the project and establish roles, and less frequently as the project gets underway.
Insights from Focus Groups
The four categories of transferable advice were echoed in the focus group discussions (see Table  2 ). In particular, this set of advice illuminated generalizable insights on how to approach a RED project, as well as the importance of taking into account the local context of the institution by aligning the RED project with the existing institutional culture, priorities, and other initiatives to create lasting change. In addition, the focus groups elicited specific advice regarding the solicitation for the proposals.
Context-independent advice
Advice regarding the RED solicitation, building strategic alliances and partnerships, establishing a compatible RED team, and managing the project in the face of uncertainty resonated across institutional barriers. In addition, all the RED teams agreed on two points: (i) revolution takes time ("Some of the changes that we're hoping will take place are pretty big things, and you can't really do those very quickly."), and (ii) flexibility is critical ("The best plan, even grounded in theory, when you try to implement may not go as planned, and so stay adaptable. Modify where you need to…").
The role of local context
Each of the RED teams mentioned specific local, contextual factors at their institution that shaped their approach to revolutionary change. The main idea described here is 'initiative fatigue' in which the faculty and staff are already so deeply involved in other initiatives, all of which seem valuable to them, that it is hard to capture their attention and energy for (yet another) new activity. • Consider your definition of stakeholders as broadly as possible, erring on the side of inclusivity, then communicate clearly and frequently.
• Understand how decisions are made, and 'manage up' appropriately.
• Recruit like-minded change agents from the faculty, while respecting their other commitments and competing demands on their time.
• Moreover, engage all faculty in an honest and gentle way, with both optimism and enthusiasm for the project. Establishing core RED Team description: Establishing a common vision among the core team, with an emphasis on people, relationships, and expertise. advice:
• Create trusted partnerships among like-minded people who share a common vision for change, and make sure that team members have both professional and personal compatibility. Strategy, planning, and start-up description: Managing and setting appropriate expectations for the project.
advice:
• Revolution takes time and flexibility, but you simply have to dive into the project and start--quickly.
• Set reasonable expectations, because almost everything will take longer than you think it will.
• Pay close attention to project management, and consider hiring a staff person for this role. Project alignment with local expectations, culture, and other initiatives (Working within contexts) description: Understanding history and larger institutional dynamics and priorities in shaping your change initiatives. advice:
• Remember that the status quo is what it is for a reason, and that people sometimes have emotional attachments to the status quo.
• Change can be made more palatable when connected to larger institutional priorities, mission, or strategic goals. Formal advice from the solicitation description: Reading the RED solicitation, which contains vital advice to proposers, including team roles, scoping "revolutionary" change, and potential foci. advice:
• Think about the undergraduate experience as more than the curriculum, then consider what significant, abrupt (i.e., revolutionary) changes make sense for your setting.
• Be sure to watch the RED webinar.
Discussion & Conclusion
Theme alignment The alignment among the themes that emerged from the different data sources is remarkable and speaks to the commonality of experiences across the RED teams. All face tremendous challenges in implementing their ambitious agendas, and although the local context differs, all of the teams seem to share a common experience around partnerships and communication, forming and maintaining the core RED team, managing faculty, and starting up and managing the project. We believe these themes are highly time-dependent; data utilized in this paper came from year 1 and part of the way through year 2 of the first cohort of RED grants. We expect that if we were to continue to collect information about lessons learned and promising practices, we will see shifts in the themes as teams become more highly embedded in their own revolutions.
Guidance from the RED teams takes on a temporal perspective as some advice is most relevant when first embarking on a RED-like revolution while the other is most useful after the revolution has begun. For example, both sets of results speak to the importance of getting buy-in and support from leadership and forming a well-rounded team with healthy team dynamics early in the process. Both data sets provide advice on how to manage the RED project after the project has begun, including advice about ways to interact with faculty, project management, and the importance of remaining focused yet flexible. Furthermore, both data sets highlight the importance of paying attention to the institutional context in which the project is happening. The contextual factors themselves may vary, but the advice to pay attention to them holds regardless of the specifics.
There is at least one notable difference between sets of advice from the meetings and calls, and the advice from the focus groups. The focus groups highlight the importance of referring to the contents of the RED solicitation and/or RED webinar. There are at least two reasonable explanations for this difference. One reason relates to timing of events: the RED webinar happened after the PI meeting and before the focus group sessions. It was an event that was specifically designed to build capacity among prospective RED teams. Additionally, focus groups were specifically asked about the advice they would provide to prospective RED teams whereas this was not a formal topic of discussion at the PI meeting. Thus, it is not surprising that the RED solicitation did not come up as a particularly helpful resource for teams who had already submitted RED proposals and awards.
Implications for institutional mentoring Traditionally, mentoring involves an experienced person assisting a less-experienced person by offering psychosocial support, career development, and role modeling. Peer mentoring includes similar instrumental and psychosocial support, but without the hierarchical relationship. Although usually discussed as an activity among individuals, we propose that the RED teams have been part of an informal institutional mentoring activity as they interact across schools with other teams engaging in a similar endeavor. This concept of institutional mentoring, which is informed by literature on educational environments, organizational knowledge transfer, and peer mentoring has helped us understand the themes that were derived from the data collection. It is a distinct form of mentoring because insights on the institutional/contextual factors associated with the groups helps make sense of team experiences and understand how to translate salient insights across contexts.
The RED team monthly conference calls and annual PI meetings are routine parts of RED grant execution (although the focus groups were convened expressly to support this study). As such, they represent explicit opportunities for institutional mentoring convened by the RED consortium itself. The conference calls and PI meetings provide the kind of psychosocial support that is so important in mentoring relationships, as well as the operational support of advice, tactics, and approaches to RED project management and execution. These interactions are opportunities to build solidarity across teams, and we already see cross-RED-team sub-groups forming to explore specific issues of common interest across RED teams (with this study being one such example; there are others 20 ).
Our understanding of this case of institutional mentoring is informed by our own positions as participants in this project as well by as this early data collection. We expect to continue this work in future years to understand the lessons learned by RED teams, especially as they become more engrossed in the transformational work of their grants. By serving as insider researchers, we can act as a conduit for the information that the RED teams are learning by sharing this information with the broader engineering and computing education communities. The RED teams themselves will also be sharing their own results and lessons learned which will be highly context dependent.
This paper presents the RED teams as an example of how institutional mentoring can occur and what type of information is shared during the start-up phase of a large transformational grant. In this study, RED teams shared reflections about the first year of their respective "revolutions". Despite notable differences between each RED teams' institutional context, themes emerged regarding advice they would give to prospective RED teams before embarking on their "revolution", and issues to consider once the "revolution" is underway.
